Background: Ten years after the first proposal, a consensus definition of healthcare-associated infection (HCAI) has not been reached, preventing the development of specific treatment recommendations. A systematic review of all definitions of HCAI used in clinical studies is made. Methods: The search strategy focused on an HCAI definition. MEDLINE, SCOPUS and ISI Web of Knowledge were searched for articles published from earliest achievable data until November 2012. Abstracts from scientific meetings were searched for relevant abstracts along with a manual search of references from reports, earlier reviews and retrieved studies.
Background
Traditionally, infections have been classified as community or hospital-acquired, according to their place of acquisition, and this classification is still used to guide treatment decisions [1, 2] .
Over the last decade the massive increase in outpatient clinical care has led to a new context for the emergence of healthcare-associated infections (HCAI). This is a new name for a new group of infections emerging among patients that come from the community with a history of previous exposure to healthcare who do not fit the nosocomial infection criteria. The proportion of patients hospitalized with HCAI among those admitted from the community setting can be as high as 50% [3] [4] [5] [6] .
The first proposals of HCAI and its inclusion in infection classification along with community-acquired infection (CAI) and hospital-acquired infection (HAI) were made in 2002 by Siegman-Igra et al. [7] and Friedman et al. [3] . Different one from another, the definition from Friedman et al. [3] has been used in numerous clinical studies and will be referred to in this review as the initial definition; it is defined as an infection present at hospital admission or within 48 hours of admission in patients that fulfilled any of the following criteria:
-received intravenous therapy at home, wound care or specialized nursing care through a healthcare agency, family or friends; or had self-administered intravenous medical therapy in the 30 days before the infection; -attended a hospital or hemodialysis clinic or received intravenous chemotherapy in the previous 30 days; -were hospitalized in an acute care hospital for 2 or more days in the previous 90 days, -resided in a nursing home or long-term care facility.
Although widely accepted [5, [8] [9] [10] numerous alternative definitions have also been used in clinical studies [11] [12] [13] [14] . This heterogeneity has raised more confusion than understanding in determining likely microbiological resistance patterns and making decisions about empiric antibiotic treatment. A correct recognition of all risk factors for HCAI is crucial in guaranteeing optimal empiric antibiotic choice to adequately treat likely pathogens while avoiding selective pressure that contributes to the development of multidrug-resistant (MDR) organisms.
The objective of the current study is to present a systematic review of all definitions of HCAI used in clinical studies in order to compare and contrast the criteria they include.
Methods

Data sources and searches
This search was performed in accordance with the recommendations of the Cochrane collaboration using MEDLINE/PubMed, SCOPUS and ISI Web of Knowledge from the earliest achievable data until November 2012. A manual search of references from reports, earlier reviews and retrieved studies was also performed. Abstract books and CD-ROMs from several annual scientific meetings were searched for relevant abstracts ( Figure 1 ). No language restriction was applied and papers written in a foreign language were translated.
The electronic search strategy covered the main subject area: healthcare-associated infection (Additional file 1: Search strategy details). The last search was done on 8 November 2012.
Study selection
The inclusion criteria were all observational studies (cohort, cross-sectional or case-control) on adult patients admitted to hospital that provided microbiology results according to place of acquisition of infection. The following definitions of infection by setting were used:
-CAI -infection detected within 48 hours of hospital admission in patients without previous contact with healthcare service. -HAI -localized or systemic condition: 1) that results from adverse reaction to the presence of an infectious agent(s) or its toxin(s) and 2) that was present 48 hours or more after hospital admission and not incubating at hospital admission time [15] . -HCAI -infection detected within 48 hours of hospital admission in patients that had previous contact with healthcare service within one year.
Data extraction and quality assessment
The results of the literature search were accessed by two reviewers (TC, MA) and non-relevant studies were excluded based on title and abstract. For potentially relevant studies, the full text was obtained, and two investigators (TC, MA) independently assessed study eligibility and extracted data on study design, objectives, HCAI definitions and multi-drug resistant pathogens (MDR) prevalence (Methicillin-resistant Staphylococcus aureus (MRSA), Pseudomonas aeruginosa, Acinectobacter, Stenotrophomas maltophilia, extended-spectrum beta lactamases producer (ESBL)), using a data extraction protocol; disagreements were resolved through consultation with a third reviewer (LA). Each selected study was independently evaluated by two reviewers (TC, MA) for the strength of evidence through examination of the study design and quality of data.
Potential threats to the internal validity of included studies were evaluated considering the following criteria:
-The authors define inclusion criteria, -The authors define an adequate selection method, -The selection of participants was consecutive, -The outcome data (microbiology data by place of acquisition) were complete and reported (no attrition bias) and -All results were reported (reporting bias).
Studies that met all of the above five criteria, were classified as "low risk of bias". Studies that partially met one or more criteria were classified as "moderate risk of bias". Studies were classified as "high risk of bias" if one or more of these criteria was not met.
Data analysis
Data on individual studies included are provided in Tables 1  and 2 . A meta-analysis was not performed due to the nature of the objectives of this review and the heterogeneity of the studies included.
Results
The search retrieved a total of 49,405 references. Of the 266 studies included in the first review, 106 were review articles or opinion pieces and 117 did not meet inclusion criteria. Of the remaining 52 studies: 30 used the initial definition of Friedman et al. [3] , but only 21 provided data on microbiology and were included along with 22 additional studies that used alternative definitions and met the inclusion criteria. Of the 43 studies included in this systematic review (Figure 1 ): 18 were prospective (7 multicenter and 11 single center) and 25 were retrospective (9 multicenter and 16 single center); involving 42,611 patients.
Characteristics of included studies that used the initial definition are shown in Table 1 and of those that used alternative definitions in Table 2 .
Infections by source
In bloodstream HCAIs, six studies used the initial definition [3] (Table 1 ) and six did not (Table 2) , all found an increasing prevalence of MDR organisms from CAI to HCAI and HAI, regardless of the definition used.
The majority of the included studies were about pneumonia (24 studies of 43). Most of these studies only compared community-acquired pneumonia (CAP) with healthcare-associated pneumonia (HCAP) and revealed a higher prevalence of MDR pathogens among HCAP patients compared with CAP patients. There were three studies comparing CAP and HCAP with hospital acquired pneumonia (HAP) [13, 21, 42] but they used different definitions of HCAP achieving different results regarding MDR prevalence according to place of acquisition of infection (Tables 1 and 2) .
There were three studies of healthcare-associated infective endocarditis [5, 29, 46] . Two found an increasing rate of MDR organisms from community-acquired to healthcareassociated and hospital-acquired infective endocarditis (Table 1) . A third study compared healthcare-associated infective endocarditis with non-healthcare-associated infective endocarditis (that is, community-acquired plus hospital-acquired infective endocarditis) and found a higher prevalence of MDR in healthcare-associated infective endocarditis than in non-healthcare-associated infective endocarditis ( Table 2) .
Studies regarding urinary tract [6, 45] and intra-abdominal [43] infections also found a higher prevalence of MDR organisms, among HCAIs when compared to CAIs (Tables 1 and 2 ). The initial definition [3] was the most widely used in clinical studies (30 studies among 52). Overall, different HCAI definitions comprised 17 different criteria, of which 7 were equivalent to those used by Friedman et al. [3] , but leading to a different final definition due to the addition or subtraction of criteria (Table 3 ).
An analysis of the risk of bias of the 43 included studies revealed that 24 presented a low risk of bias, 7 presented a moderate risk of bias, and 12 presented a high risk of bias, according to previously defined criteria (Additional file 2: eTable 1 -Studies with moderate or high risk of bias according to pre-defined criteria).
Discussion
Ten years after the first descriptions [3, 7] , this is the first systematic review of HCAI classification. It incorporates all published studies on HCAI that provided original data. The majority of the included studies had a low risk of bias, resulting in good quality of the evidence assembled. HCAI, healthcare-associated infection.
The following criteria that were used in various studies to define HCAI in patients with an infection present at hospital admission or within 48 hours of admission are the ones that we believe to be most important:
-received invasive procedures in the 30 days before the infection, including specialized nursing care; -attended a hospital or hemodialysis clinic in the previous 30 days; -were hospitalized in an acute care hospital for 2 or more days in the previous year; -resided in a nursing home or long-term care facility; -treatment with broad spectrum antibiotics in the last 30 days.
The initial HCAI definition [3] included treatments delivered at home or in an outpatient clinic and these criteria have been widely adopted in other studies. The receipt of intravenous therapy [7, 14, 30, 31, [35] [36] [37] [38] [39] 41, [45] [46] [47] , wound care or specialized nursing care [34] [35] [36] [37] 41, 42, 45] , and hemodialysis [7, [11] [12] [13] [14] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [44] [45] [46] , as well as attendance at a hospital or clinic [32, 42, 44, 45] are important factors as this group of patients has documented higher rates of colonization and infection with MDR microorganisms [48] [49] [50] . Three additional studies have included the criteria of other previous invasive procedures [7, 30, 45] , like urological procedures [45] . There is no reason to believe that this last group of patients is different from the previous ones in regards to the risks of infection by MDR organisms, so we propose that the first criterion be generalized to include all patients that received invasive procedures in the 30 days before the infection.
The second criterion in the initial definition [3] includes receiving chemotherapy in the last 30 days. This is a criterion frequently used among alternative definitions [7, 14, 30, 31, 35, [38] [39] [40] 42, 44, 45] along with having active or metastatic cancer [11, 32] that suggest receipt of some kind of anti-cancer therapy. These are a special group of patients due to underlying immunosuppression. Immunosuppression, including HIV infection and treatment with immunosuppressive agents is a criterion considered by some authors [11, 12, 33, 34, 38, 39] , but specifically excluded by others [40, 44] . The variety of potential opportunistic pathogens that may occur among this group of patients varies largely according to the underlying cause of immunosuppression, for example empiric antimicrobial recommendations for a patient with advanced HIV infection [51] are distinct from therapies used in patients with acute febrile neutropenia [52] . The inclusion of these groups of patients in a HCAI definition is possibly one of the most controversial issues and for the moment we suggest that they be excluded from the definition, supported by the existence of specific recommendations for these special populations.
Nevertheless, many immunosuppressed patients, including cancer patients would fulfill other criteria for HCAI, such as invasive procedures, recently attending a hospital clinic, recent hospitalization and/or recent treatment with broad spectrum antibiotics.
Regarding previous hospitalization, we believe that this criterion must be retained in any definition of HCAI. The presence of MDR organisms (gram positives or gram negatives) has been documented between six months to one year after hospital discharge [53] [54] [55] . This risk of long lasting colonization of both the respiratory tract and gastrointestinal tract with pathogens not present in the community following hospitalization has led some authors to alter this criterion to hospitalization in the previous six months [12, 42, 44] or even one year [33] . However, the classification of infections that develop among patients recently discharged from the hospital (in the previous 14 days) is somewhat contentious. Some authors consider these infections occurring within 14 days of hospital discharge nosocomial infections [48, 50, 56] , while others consider infections among those hospitalized in the last month as HCAIs [11, 14] . Based on the existing evidence, we propose that in the third criterion time from the last hospitalization will be enlarged to one year and patients discharged from the hospital within the last two weeks be considered as having a hospital-acquired infection.
Patients admitted from nursing homes with infection have been extensively studied and may constitute more than 50% of cases of healthcare-associated pneumonia [49] . This criterion has been considered by almost all studies; however, caution is needed with this approach. Patients with non-severe nursing home-acquired pneumonia (NHAP) have a pathogen distribution similar to those expected in CAP [57] . Among patients with severe NHAP, with organ dysfunction, resistant pathogens have been seen [10, 36, 57] . Poor functional status and increased age have been linked to an increased risk of infection with a MDR pathogen among NHAP patients [20, 58] , and are linked to the level of care provided in these facilities. Nursing homes with hospital-like wards carry the same infection risk by resistant pathogens as hospitals, and should best be considered as the analogous to HAIs. Clinicians should consider factors such as functional status and level of care required in selecting treatments for patients who reside in nursing homes.
Recent treatment with broad spectrum antibiotics has been identified as a risk factor for infection or colonization by MDR pathogens [59] and should also be considered both in the definition of HCAI and in selection of empiric antibiotics.
Patients with close contact with a family member with a MDR microorganism are part of the American Thoracic Society (ATS) definition of HCAP [2] . Currently, there are no epidemiological studies assessing the microbiological features of this particular group of patients [50] sustaining its inclusion on the HCAI definition.
Additional criteria not included in the initial definition [3] represent different descriptions of the same criteria: active or metastatic cancer, submission to invasive procedures or transfer from another care facility.
There has only been one previous review on HCAI to our knowledge. It concerns healthcare-associated pneumonia and is focused mainly on epidemiology [60] . The authors performed the search in PubMed, and included eight studies regardless of the definition used. No assessment of bias was made. A description of the definitions of HCAP used was not made. Five of those studies focused only on nursing-home acquired pneumonia. The remaining three studies of HCAP included by the authors were also included in the current analysis. Recently, new definitions of Lab-ID infections were published [61] based on laboratory testing data without a clinical evaluation of the patient, allowing colonization to be counted as infection. Nevertheless, this methodology might facilitate surveillance of multi-drug resistant organisms (MDROs) among patients in the outpatient clinic and long-term care facilities and nursing home settings. Of notice is the fact that the document categorizes MDRO LabID events in: community-onset if the specimen was collected as an outpatient or inpatient three or more days after admission and healthcare facility-onset if the LabID event specimen was collected more than three days after admission to the facility. Following this definition, a patient with HCAI is included in community-onset LabID event, representing from our point of view a major step backward in the classification of infection according to place of acquisition.
This systematic review provides the clinician with a thorough description of all criteria available in order to include an infected patient in the category of HCAI, in the hope that it leads to an optimal selection of empiric antibiotic therapy in this group of patients and consequently an improvement in outcome. It is expected that a consensus definition of HCAI can be developed to be used in future research in order to develop specific antibiotic recommendations for this group of patients.
The future definition of HCAI should be universal regardless of the focus of infection if its use is intended to be immediate at the bedside like it happened with the classic dichotomy classification of infection in community and hospital-acquired infection, which allowed the prompt institution of adequate antibiotic therapy, a major prognostic factor. Nevertheless, specific risk factors for infection by a particular microorganism should always be taken into account by the clinician.
Strengths and limitations
Despite the extensive research done, including electronic search in several databases, relevant conference proceedings and a hand search of additional sources, there is always the possibility of missing studies that could meet the inclusion criteria.
Researcher bias is always a possibility in this type of analysis; in order to reduce it we had two independent researchers review the articles and a third one resolve disagreements along with strict and simple inclusion criteria established prior to the research.
The permissive criteria for inclusion in this study were essential to achieve the main goal: gathering all definitions of HCAI used in clinical studies.
We found a high rate of studies with low risk of bias, probably related to the simplicity of the evaluation. Considering that we only found observational studies we think that the criteria adopted were the most adequate to evaluate risk of bias in this type of studies.
Conclusions and recommendations
The initial definition of HCAI [3] seems to be widely accepted. Some of the included criteria, such as attendance at a hospital or hemodialysis clinic in the previous 30 days and residence in a nursing home or long-term care facility should be maintained; the precise time from the last hospitalization is still controversial and probably should be extended to one year. Additional criteria as recent invasive procedures and receipt of broad-spectrum antibiotics should be considered for inclusion in a future definition of HCAI.
The inclusion/exclusion of immunosuppressed patients in the definition of HCAI requires ongoing discussion.
It is expected that a consensus definition of HCAI can be developed soon to be used in future research in order to develop specific antibiotic recommendations for this group of patients, with an influence from local antibiograms.
